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have no clear advantage over fixed buoys in the global motion of the ASOP. The reduction of
forces by using articulation did not significantly improve the motion of the platform.
Furthermore, the analysis and model test showed that compared to the fixed buoy case, using
articulations increased the slow drift motions of the ASOP in random waves. The study also
indicated that the introduction of articulations complicated the hydrostatic stability of the
platform. Damaged stability was the governing factor in determination of the size of the
articulated buoys. In conclusion, this conceptual study indicated that the fuel storage ASOP is a
viable concept. Its large storage capability and exceptional motion characteristics allow many
applications both in civil and military purpose.
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ABSTRACT

A model test program of the ASOP and column shapes and articulations was conducted in
January, February, April, and May, 1996 at the deep water and towing basin of Offshore
Model Basin. The project was designed to measure:

- Motions and forces during in-place seakeeping tests of the ASOP and the semi-
submersible using various buoy articulations and shapes.
- Current loads at the operational draft.

Regular waves with periods from 8 to 20 seconds were used in head seas. In addition,
irregular waves with up to 39 ft significant heights were generated.

Buoys were also tested to compare their motions.




1.0 INTRODUCTION

1.1 OVERVIEW

This report describes a model test program to assess the behavior of the ASOP (Articulated
Stable Ocean Platform) and of individual articulated columns. The test program was
designed to aid in determining the feasibility of the ASOP concept, and to reinforce the
computational analysis.

Tests were conducted in two phases as summarized in Table 1.2. Phase I tested 130 ft and
145 ft draft ASOP configurations with hinged (universal joint mounted) buoys and with
buoys suspended on spring lines (six degrees of freedom buoys) for the 130 ft draft. A
damage stability test was also conducted. The mooring lines were connected to the corners

of the vessel.

Phase II tested various buoy shapes and articulations and buoys with varying quantities of
water ballast to damp the buoy motions. Phase II also tested the 145 ft draft ASOP with a
more realistic mooring system and with several buoy configurations:

- Hinged (universal joint) and fixed buoys.

- Various buoy diameters.

- Buoys with water ballast.

- An hour glass-shaped buoy.

- An ASOP without center column

- Buoys on spring lines (6 degree-of-freedom)

All results were directly scaled according to the Froude scaling laws listed in Table 1.1



1.2 TEST FACILITIES

The test program was conducted in the deep water wave basin at Offshore Model Basin.

The Deep Water Test Facility is a wave and towing basin 90 meters long, 14.6 meters wide
and up to 4.6 meters deep. A deep pit which is 5.8 meters by 5.8 meters by 4.4 meters deep,
permits tests in a model water depth of up to 9.0 meters. Vehicles may be towed down the
basin at constant speeds ranging from 0.03 to 4.6 meters/second. Simultaneous cross basin
motion may be superimposed. The large width permits testing large models at oblique
headings with a minimum of reflection problems. The deep water basin is show in Figure
1.1

Waves are generated with a servo-controlled hydraulically-driven bottom pivoted flap. The
maximum height of regular waves is 71 cm, model scale. The range of periods is from .80
to 6 seconds. Irregular waves are generated by exciting the flap with a digital signal which
has been stored on disk. The signal is generated by a computer program which uses the
inverse fast Fourier transform of any customer-specified power spectral density function.

Data is acquired using a PC-driven data acquisition system. Sixty-four channel capacity is
standard. For most seakeeping tests, statistics (mean, maximum, minimum and standard
deviation) are available within several minutes at the end of wave tests.

The data acquired during the tests is stored on hard disk and backed up on CD-ROM for
further processing.



DEEP WATER WAVE AND TOWING BASIN

Towing Carriage

FIGURE 1.1
CFFSHORE MODEL BASIN
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SCALING RELATIONSHIPS

The similitude relationships between the model and prototype for the tests
performed are based on Froude Number Scaling which assumes gravity as the

dominant force. The resulting mathematical relationships between the model
and the prototype are summarized in the following table:

Ratios of Model Scale
Dimension to Prototype Relationship
Length Lp = Lm/Lp 1/
Time T. = (L)1/? 1/ V 60
Force Fr= (L) 3 (opy/ ogy) (1/60°) (62.4/64)
Angle 8. = L./Lp 1/1
Linear Speed Vo = Lr/Tr 1/ \/—?ET—
Angular Speed wp = 8./T, \/5573_
Linear Acceleration ' a. = Lr/(Tr>2 1/1
Angular Acceleration o =_er/(Tr)2 6071
Note: The subscript (p) indicates prototype values, (m) applies to

model values, and (r) signifies the ratio of the model to
prototype quantities. The additional term in the force rela-
tionship accounts for the conversion from sea water to fresh
water,

These scale relationships are used to transfer quantitatively the motion,
force and time measurements from model to prototype.

Measurements of distances, angles, acceleration induced forces and time can be
transferred quantitatively to the prototype equivalents without reservation,
Drag induced forces, which arise from viscosity of the water and cannot be
scaled to the same ratios as acceleration induced forces, will be slightly
higher on the model than the drag experienced by the prototype.

TABLE 1.1

/




TABLE 1.2A
LIST OF TEST SERIES - PHASE |

TEST MODEL TEST
SERIES CONFIGURATION DESCRIPTION

8-25 WAVE CALIBRATION, PHASE |
101-107 ASOP, HINGED BUOYS, DRY, 130' DRAFT STATIC OFFSET, FREE OSCILLATION
111123 IN-PLACE SEAKEEPING
130-133 TOWING, OPERATIONAL DRAFT
202-207 ASOP, BUOYS ON SPRING LINES, 30 kip/ft. FREE OSCILLATION
208-223 130' DRAFT IN-PLACE SEAKEEPING
311-323  ASOP, 145 DRAFT, HINGED BUOYS IN-PLACE SEAKEEPING
. 330 ASOP, 130' DRAFT, HINGED BUOYS DAMAGE STABILITY
340-341 ASOP, BUOY #2 45% FULL IN TOP 3 COMPTS, BUQY FREE OSCILLATION TEST
351-363 130'DRAFT IN-PLACE SEAKEEPING
411-423 ASOP, BUOYS ON SPRING LINES, 45 kip/it, IN-PLACE SEAKEEPING

130' DRAFT




TABLE 1.2B
LIST OF TEST SERIES - PHASE Il

TEST MODEL TEST

SERIES CONFIGURATION DESCRIPTION

502-512 WAVE
CALIBRATION, PH. !l

510, WATER-DAMPED BUOYS ON FREE OSCILLATION

521-527 RIGID BEAM, UNINSTRUMENTED WAVE TESTS

A530, SHAPED BUOYS ON RIGID BEAM FREE OSCILLATION

A531-A547 WAVE TESTS

A1203-A1209 BUOY ON CURVED BEAM, WAVE TESTS

UNINSTRUMENTED

AS58B-A564 ASOP, 145' DRAFT, - HINGED BUOYS STATIC OFFSET, FREE OSCILLATION

A551-A557 IN-PLACE SEAKEEPING

AS568-A571 TOWING, OPERATIONAL DRAFT

A580 ASOP, 145' DRAFT - FIXED BUOYS PITCH FREE OSCILLATION

A5B81-A587 IN-PLACE SEAKEEPING

A580-A592 ASOP, 145' DRAFT, WATER-DAMPED FREE OSCILLATION

AS93-A599 BUQYS, (25% WATERINTOP 3 IN-PLACE SEAKEEPING
COMPARTMENTS)

AB00-A602 ASOP, 145 DRAFT - HOURGLASS FREE OSCILLATION

AB03-A609 BUOYS IN-PLACE SEAKEEPING

A700-A702 ASOP, 145 DRAFT - 52.5' DIA. BUOYS FREE OSCILLATION

A703-A709 IN-PLACE SEAKEEPING

A800-A802 ASOP, 145' DRAFT - 52.5' DIA BUOYS, FREE OSCILLATION

A803-A809 FIXED BUOYS IN-PLACE SEAKEEPING

AS00-AS02 ASOP, 145' DRAFT - BUOYS ON FREE OSCILLATION

AS03-A909 SPRING LINES, 45 kip/ft IN-PLACE SEAKEEPING

A1000-A1002 ASOP, NO CENTER COLUMN, 145' FREE OSCILLATION

A1003-A1009 DRAFT, - 39' DIA, HINGED BUOYS IN-PLACE SEAKEEPING

A1100-1102 ASOP, NO CENTER COLUMN, 145' FREE OSCILLATION

A1103-1108 DRAFT, - 39' DIA, FIXED BUOYS IN-PLACE SEAKEEPING



TABLE 1.3
LIST OF TESTS PHASE 1
(PHASE |: NOMINAL DRAFT OF 130 ft, MOORING EYES AT VESSEL CORNERS)
MODEL TEST TEST

CONFIGURATION NUMBER DESCRIPTION COMMENTS
WAVE #13 9, 8.5 s (TP) PIERSON-MOSKOWITZ
CALIBRATION IRREG. WAVE
TESTS #8 20', 11 s JONSWAP IRREG. WAVE,
GAMMA =2, SIGMA A= 07, SIGMAB = .08
#11 39, 14.1 s JONSWAP IRREG. WAVE
#25 12, 8 s REG. WAVE
#22 20", 12.9 s REG. WAVE
#24 20", 20 s REG. WAVE
HINGED #101 STATIC OFFSET TEST
BUOYS, #102 SURGE FREE OSCILLATION
DRY, #103 SWAY FREE OSCILLATION
130" DRAFT, #104 HEAVE FREE OSCILLATION
IN-PLACE #105 ROLL FREE OSCILLATION
SEAKEEPING #106 PITCH FREE OSCILLATION
TESTS, #107 YAW FREE OSCILLATION
"PHASE | #11 12", 8 s. REGWAVE

#112 20', 12.9 s. REGWAVE
#113 20", 20 s. REG WAVE

#121 9, 8.5s. P-M IRREG WAVE
#122 20", 11 s. JS IRREG WAVE
#123 39, 14.1 s. JS IRREG WAVE

TOWING TESTS, #130 TOWING, 1 KNOT
OPERATIONAL #131 TOWING, 2 KNOT
DRAFT #132 TOWING, 3 KNOT

#133 TOWING, 4 KNOT

CONSTANT #202 SURGE FREE OSCILLATION
TENSION, #203 SWAY FREE OSCILLATICON
30 KIP/FT, #204 HEAVE FREE OSCILLATION
130' DRAFT, #205 ROLL FREE OSCILLATION
IN-PLACE #206 PITCH FREE CSCILLATION
SEAKEEPING #207 YAW FREE OSCILLATION
TESTS #208 12, 8 s. REG WAVE

#212 20", 12.89s. REG WAVE
#213 20", 20 s. REG WAVE

#221 9. 8.5s. P-M IRREG WAVE
#222 20', 11 s. JS IRREG WAVE
#223 39", 14.1 5. JS IRREG WAVE
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TABLE 1.3 (CONT)
LIST OF TESTS - PHASE |
(PHASE I: NOMINAL DRAFT OF 130 ft, MOORING EYES AT VESSEL CORNERS)

MODEL TEST TEST

CONFIGURATION NUMBER DESCRIPTION COMMENTS
145' DRAFT, #311 12", 8 s. REGWAVE

HINGED #312 20", 12.8 s. REGWAVE

BUQYS #313 20", 20 s. REGWAVE

IN-PLACE #321 9, 85s. P-MIRREG WAVE
SEAKEEPING #322 20', 11 5. JS IRREG WAVE

TESTS #323 39", 14.1 5. JS IRREG WAVE

130' DRAFT, #330 DAMAGE STABILITY, #1 BUOY RELEASE
HINGED

BUOYS

BUOY #2. #340 NAT. PERIOD, DRY BUCY

45% FULL IN #341 NAT. PERIOD, WATER DAMPED BUOY
TOP3 #351 12, 8 s.REG WAVE

COMPARTMENTS  #352 20, 12.9 s. REG WAVE

130 DRAFT #353 20", 20 s. REG WAVE

IN-PLACE #361 9, 8.5s.P-M IRREG WAVE

SEAKEEPING #362 20, 11 s. JM IRREG WAVE

TESTS #363 39', 14.1 s.JS IRREG WAVE

CONSTANT #411 12", 8 s. REGWAVE

TENSION, #412 20',12.9 s. REG WAVE

45 KIP/FT, 130 #413 20", 20 s. REG WAVE

DRAFT, IN-PLACE  #421 g, 8.5s. P-M IRREG WAVE TEST DATALOST
SEAKEEPING #422 20, 11 s. JS IRREG WAVE

TESTS #423 39, 14.1 5. JSIRREG WAVE




TABLE 1.3 (CONT)
LIST OF TESTS - PHASE Il

(PHASE Ii: DRAFT OF 145 ft; MOORING EYES 60 ft FROM CENTER OF VESSEL, BOTTOM PLATE)

WAVE #502 20,18 s REG WAVE
CALIBRATION #504 20", 16 s REG WAVE
TESTS, #5006 20', 14 s REG WAVE
PHASE Il #508 15, 12 s REG WAVE
#510 15', 10 s REG WAVE
#511 39", 14.1 s JS IRREG WAVE
#8512 20", 11 s JS IRREG WAVE
WATERBUOYS ON #510 NATURAL PERIOD TESTS HAND-TIMED
RIGID BEAM, NO #521 15,10 s. REG WAVE
INSTRU- #522 15, 12 s. REGWAVE
MENTATION #523 20", 14 s. REGWAVE
USED, VISUAL #524 20, 16 s. REG WAVE
OBSERVATIONS #525 20, 18 s. REG WAVE
AND VIDEO #526 20", 11 s. JS IRREG WAVE
RECORD ONLY, #527 39, 14.1 s. JS IRREG WAVE
WAVE TESTS
SHAPED BUOYS A530 NATURAL PERIOD TESTS
ON RIGID BEAM, A531 15', 10 s. REG WAVE DATA OVERRANGES
WAVE TESTS A532 15', 12 s. REG WAVE
A533 20', 14 s. REG WAVE
A534 20, 16 s. REG WAVE
AS35 20", 18 s. REGWAVE BT-2 NON-FUNCTIONING
A536 20', 11 5. JS IRREG WAVE BT-2 NON-FUNCTIONING,
OVERRANGES
A537 39, 14.1 s. JS IRREG WAVE BT-2 NON-FUNCTIONING
A538 20, 18 s. REG WAVE NEW BUOY/LOAD CELL
A539 20', 11 s. JS IRREG WAVE PAIRING
A540 39, 14.1 s. JS IRREG WAVE
A541 15', 10 s. REGWAVE NEW BUOY/LOAD CELL
A542 15', 12 s. REG WAVE PAIRING
A543 20", 14 s. REG WAVE
A544 20", 16 s. REG WAVE
A545 20', 18 s. REG WAVE
A546 20", 11 5. JS IRREG WAVE
A547 39, 14.1 s. JS IRREG WAVE

12




TABLE 1.3 (CONT)
LIST OF TESTS - PHASE 1l

(PHASE II: DRAFT OF 145 ft: MOCRING EYES 60 ft FROM CENTER OF VESSEL, BOTTOM PLATE)

BUOY ON CURVED A1203

BEAM, VISUAL A1204
DATA ONLY, A1205
WAVE TESTS A1206
A1207
A1208
A1209

15', 10 s. REG WAVE

15', 12 s. REG WAVE

20, 14 s. REG WAVE

20", 16 s. REG WAVE

20", 18 s. REGWAVE

20', 11 5. JS IRREG WAVE
39", 14.1 5. JS IRREG WAVE

ASOP IN-PLACE A558B
SEAKEEPING A559
TESTS, A560
145' DRAFT, AS61
HINGED BUOYS A562
AS63
A564
A559B
AS551
A552
A553
A554
A555
A5S56B
A557

STATIC OFFSET TEST
PITCH NAT. PERIOD
ROLL NAT. PERIOD
HEAVE NAT. PERIOD
SURGE NAT. PERIOD
SWAY NAT. PERIOD
YAW NAT. PERIOD
PITCH NAT. PERIOD

15', 10 s. REG WAVE
15,12 s. REG WAVE

20", 14s. REG WAVE

20", 16 s. REG WAVE

20", 18 s. REG WAVE

20", 11 s. JS IRREG WAVE
39", 14.1 s. JS |IRREG WAVE

ASOP TOWING, A5S68
CALM WATER, A569
145 DRAFT, A570
HINGED BUOYS A571

2 KNOTS, FWD
3 KNOTS, REVERSE
4 KNOTS, FWD
5 KNOTS, REVERSE

ASOP, FIXED AS580
BUOYS, A581
145' DRAFT, AS82
IN-PLACE AS83
SEAKEEPING A584
TESTS AS85

A586

AS87

PITCH, NAT. PERIOD BT GAGES NOT ATTACHED
15', 10 s. REG WAVE BT GAGES NOT ATTACHED
15,12 s. REG WAVE BT GAGES NOT ATTACHED
20", 14 s. REG WAVE BT GAGES NOT ATTACHED
20,16 s. REG WAVE BT GAGES NOT ATTACHED
20,18 s. REG WAVE BT GAGES NOT ATTACHED
20", 11 s. JS IRREG WAVE BT GAGES NOT ATTACHED
39, 14.1 5. JS IRREG WAVE BT GAGES NOT ATTACHED

13




TABLE 1.3 (CONT)
LISTOF TESTS - PHASE I
(PHASE II: DRAFT OF 145 #t; MOORING EYES 60 ft FROM CENTER OF VESSEL, BOTTOM PLATE)

MODEL TEST TEST
CONFIGURATION  NUMBER DESCRIPTION COMMENTS
ASOP, WATER A590 PITCH, NAT. PERIOD
DAMPED BUOYS  A591 HEAVE, NAT. PERIOD
25% WATERIN Ab92 SURGE, NAT. PERIOD
TOP3 A593 15,10 s. REG WAVE
COMPARTMENTS, A594 15,12 s. REG WAVE
IN-PLACE A595 20", 14 s. REGWAVE
SEAKEEPING A596 20, 16 s. REG WAVE
TESTS AS97 20", 18 s. REGWAVE
145' DRAFT A598 20, 11 5. JS IRREG WAVE
AS599 39, 14.1s. JS IRREG WAVE
ASOP, HOUR- AG00 PITCH, NAT. PERIOD
GLASS BUOYS, AB01 HEAVE, NAT. PERIOD
IN-PLACE AB02 SURGE, NAT. PERIOD
SEAKEEPING AGO3 15", 10 s. REG WAVE
TESTS AB04 15',12 s. REGWAVE
145' DRAFT ABOS 20", 14s. REGWAVE
AG06 20, 16 s. REG WAVE
AB07 20", 18 s. REG WAVE
AB08 20", 11 5. JS IRREG WAVE
AB0S 39", 14.1 s. JS IRREG WAVE
ASOP, 52.5' DIA. A708 20", 11 s. JS IRREG WAVE BT GAGES NOT ATTACHED
BUOYS, AT09 39, 14.1 Ss. JS IRREG WAVE BT GAGES NOT ATTACHED
IN-PLACE A700 PITCH, NAT. PERIOD BT GAGES NOT ATTACHED
SEAKEEPING A701 HEAVE, NAT. PERIOD BT GAGES NOT ATTACHED
TESTS, A702 SURGE, NAT. PERIOD BT GAGES NOT ATTACHED
145' DRAFT A703 15', 10 s. REGWAVE BT GAGES NOT ATTACHED
A704 15, 12 s. REG WAVE BT GAGES NOT ATTACHED
A705 15', 14 s. REG WAVE BT GAGES NOT ATTACHED
A706 15', 16 s. REG WAVE BT GAGES NOT ATTACHED
A707 15, 18 s. REG WAVE BT GAGES NOT ATTACHED
ASOP, FIXED A800 PITCH, NAT. PERIOD
52.5' DIA. A801 HEAVE, NAT. PERIOD
BUOYS, A802 SURGE, NAT. PERIOD
IN-PLACE A803 15', 10 s. REG WAVE
SEAKEEPING ABO4 15, 12 s. REG WAVE
TESTS, ABOS 20, 14s. REG WAVE
145 DRAFT A80B 20', 16 5. REG WAVE
ABO7 20', 18 s. REGWAVE
ABO8 20, 11 5. JS IRREG WAVE

A809

39, 14.1 5. JS IRREG WAVE




TABLE 1.3 (CONT)
LIST OF TESTS - PHASE Il

(PHASE il: DRAFT OF 145 ft; MOORING EYES 60 ft FROM CENTER OF VESSEL, BOTTOM PLATE)

MODEL TEST TEST
CONFIGURATION NUMBER DESCRIPTION COMMENTS
ASOP, CONSTANT AS00 PITCH, NAT. PERIOD
TENSION BUOYS, A901 HEAVE, NAT. PERICD
IN-PLACE AS02 SURGE, NAT. PERIOD
SEAKEEPING AS03 15", 10 s. REG WAVE
TESTS, AQ04 15,12 s. REGWAVE
145' DRAFT A905 20, 14 s. REGWAVE
AS06 20", 16 s. REGWAVE
A907 20', 18 s. REGWAVE
A908 20", 11 s. JS IRREG WAVE
A908 39, 14.1 s. JS IRREG WAVE
ASOP, NO CENTER A1000 PITCH, NAT. PERIOD BT GAGES NOT ATTACHED
COLUMN, (39'DIA  A1001 HEAVE, NAT. PERIOD BT GAGES NOT ATTACHED
BUOYS), U-JOINT  A1002 SURGE, NAT. PERIOD BT GAGES NOT ATTACHED
BUOYS, A1003 15", 10 s. REGWAVE BT GAGES NOT ATTACHED
IN-PLACE A1004 15, 12 s. REG WAVE BT GAGES NOT ATTACHED
SEAKEEPING A1005 20, 14 s. REGWAVE BT GAGES NOT ATTACHED
TESTS. A1006 20', 16 s. REG WAVE BT GAGES NOT ATTACHED
145 DRAFT A1007 20', 18 s. REGWAVE BT GAGES NOT ATTACHED
A1008 20', 11 5. JS IRREG WAVE BT GAGES NOT ATTACHED
A1009 39, 14.1 s. JS IRREG WAVE BT GAGES NOT ATTACHED
ASOP, NO CENTER A1100 PITCH, NAT. PERIOD BT GAGES NOT ATTACHED
COLUMN, ('39DIA  A1101 HEAVE, NAT. PERIOD BT GAGES NOT ATTACHED
BUOYS), FIXED A1102 SURGE, NAT. PERIOD BT GAGES NOT ATTACHED
BUOQOYS, A1103 15, 10 s. REG WAVE BT GAGES NOT ATTACHED
IN-PLACE A1104 15", 12 s. REG WAVE BT GAGES NOT ATTACHED
SEAKEEPING A1105 20, 14 s. REGWAVE BT GAGES NOT ATTACHED
TESTS A1106 20', 16 s. REG WAVE BT GAGES NOT ATTACHED
A1107 20, 18 s. REGWAVE BT GAGES NOT ATTACHED
A1108 20", 11 5. JS IRREG WAVE BT GAGES NOT ATTACHED
A1108 39, 14.1 5. JS IRREG WAVE BT GAGES NOT ATTACHED

15
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2.0 MODELS

The Articulated Stable Ocean Platform (ASOP) is a floating platform with a hexagonal
lower hull for storing one million barrels of oil, six articulated buoys, and a center column
supporting the upper deck. It is kept on station by a six-point mooring system. Figure 2.1
shows the general arrangement of the ASOP for the:

- 130 ft draft (Figure 2.1-1)
- 145 ft draft (Figure 2.1-1)
- The center column removed and 39 ft diameter buoys. (Figure 2.1-2)

The mooring systems are shown in Figure 2.1-3.
The principal characteristics of the ASOP are shown on Table 2.1.

The buoys are shown in Figure 2.1-4 (the typical buoy supports or articulations), Figure 2.1-
5 (the cylindrical buoys), Figure 2.1-6 (the shaped buoys), Figure 2.1-7 (the water-filled
buoys) and Figure 2.1-8 (the buoy on a curved guide).

The buoy mass properties are listed at the end of Table 2.1

The ASOP hull model was fabricated out of 1/2-inch PVC sheets and 12"-dia PVC pipe.
The pipes were arranged hexagonally around the center column (aluminum tube). The hull
bottom plate and the six side plates were opaque PVC while the top plate was clear PVC.
Hatches were cut into the top plate to access 18 of the PVC pipes, for which custom ballast
weights were manufactured. Aluminum hatch covers sealed the access holes. Air pressure
was provided to the lower hull to pressurize each of the PVC pipes and each of the
interstitial spaces at all times except for the corner pipes which were free-flooding during the
Phase II spring line buoy tests, when all possible air spaces were filled with custom cut
architectural closed-cell styrofoam. The ASOP deck was made out of fiberglassed plywood.

The buoy attachments were aluminum brackets, 1/2-inch steel universal joints, plexiglass
sleeves, and roller bearings (for the spring line buoys).

The buoys were made out of clear PVC tubes and plates (30" dia buoys), opaque PVC tubes
and endplates (52.5' dia buoys), and 2 Ib/cu ft styrofoam cut with a computer-controlled hot
wire machine and sealed with resin compatible with styrofoam (shaped buoys, 39 ft dia
buoy).




The buoys were individually ballasted: each one had its center of gravity set on a knife edge,
and its mass moment of inertia was measured and computed by timing its period of
oscillation when suspended as a compound pendulum from its ASOP-side universal joint
bracket.

The ASOP was ballasted to its design weight, and had its center of gravity adjusted on the
tilting ballasting platform shown in Figure 2.1-9. The platform was first adjusted to the
proper VCG, it was counterbalanced to balance about this center, then the springs were
attached, and the rotational spring constant was measured. The ballasted model was placed
on the platform and centered so that its specified CG coincided with the platform's tilt axis.
With no springs attached to the platform, the combination of platform with model was tilted
to several positions while weights were shifted to reduce to zero any moments tending to
move the model off any given tilt position. This achieved the setting of the CG when finally
there was no tendency for the model and the platform to move from any tilt position. The
radius of gyration was set by attaching the spring, measuring the period of oscillation,
computing the radius of gyration, and if necessary, moving the ballast weights, and repeating
the above procedure until the measured radius of gyration was sufficiently close to the
specified value.

17




TABLE 2.1
PRINCIPAL CHARACTERISTICS OF ASOP

130’ DRAFT 145" DRAFT
HULL DIAMETER 450' 450'
HULL HEIGHT ' 50' 50
CENTER COLUMN DIA 60’ 60'
CENTER COLUMN HGT 135 150'

PROTOTYPE MODEL  PROTOTYPE MODEL

TOTAL DISPLACEMENT 450,300 450,300 446,900 446, 900
(WITHOUT BUOYS)

(Kips)
KG (WITHOUT BUOY)  3241' 32.4 33.29' 33.29°
ROLL RADIUS OF

GYRATION 107.6 106.3’ 108.5' 107.7°
PITCH RADIUS OF

GYRATION 107.6' 105.7° 108.5' 108’
BUOY DIAMETER: 30'

FOR 52.5' BUOY DIAMETER: add 16,400 kip deck weight.

FOR CENTER COLUMN
REMOVED, 39' DIA BUOYS: remove 5,500 kip of ballast from lower hull.

BUOY MASS PROPERTIES:

MASS MOMENT
VCG(ft)  OF INERTIA
WEIGHT  (ABOVE  (kip * ft ** 2)

BUOY (KIP) U-JOINT) SPECIFIED ACTUAL
30 ft Dia Cylindrical Phase I 850 55 3,130,000 3,270,000
30 ft Dia Cylindrical Phase II 850 66.5 4,320,000 4,460,000
Hourglass 704 63.9 3,370,000 3,760,000
Inverted Cone 733 78 4,900,000 5,540,000
Segmented, Top 550 315 - 756,000

Segmented, Bottom 250 185 - 114,000

Link Buoy 850 35 1,330,000 1,380,000

52.5 ft Dia 3540 T — 20,400,000
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PLATFORM BEAMS
(SEVERAL WIDTHS
AVAILABLE)

Pertinent Equations:

Kr 2

1= 1

© (2m)?

Inode1=IPiat form With Model=IPlatform

2/ .
[ = kzm = (Gyradius) (ﬁéﬂ)
Kr = CALIBRATED ROTATIONAL
SPRING CONSTANT (ft 1b/rad)

COUNTERWEIGHT

T

/VCG ADJUSTMENT

KNIFE EDGE

Tunenszennaueyd §

S

SPRING

FIGURE 2.1-9 TILTING BALLASTING PLATFORM

Tilt Table Configured for Setting Center of Gravity (Upper
Diagram) and Mass Moment of Inertia (Low Diagram, With Spring)




3.0 WAVE ENVIRONMENT

Regular and irregular waves were calibrated without any models in the basin during Tests 8-
25 and 502-512 as listed in Table 1.3. The wave heights were measured with wave probes at
two locations along a transverse line through the center of gravity of the model. Probe
WAVE-1 was spaced 2.5 ft (model scale) from the CG, and WAVE-2 was located 16 ft
(model scale) from the CG. WAVE-2 was left in position during the actual tests. For the
tests of the buoys on a rigid bar, WAVE-2 was moved in line with the buoys. The floating
models were centered on the towing carriage, while the buoys were centered 2 ft forward of
the towing carriage.

The extension of the hydraulic actuator of the wave flap was measured with a STROKE
potentiometer equipped with a spring-loaded reel mounted on the cylinder, connected to the
piston rod end with a string.

Appendix C contains the following data outputs:
Statistical printouts for the wave calibration tests, and, for irregular waves, spectral density
plots showing the theoretical and actual spectral densities of the sea states, and, for regular
wave calibration tests, water elevation time histories. The parameters for the irregular wave
spectra were as follows:

Pierson-Moskowitz spectrum: Peak Period

Jonswap: GAMMA = 2, SIGMA A = .07, SIGMA B = .09, Peak Period

The actual seakeeping data runs show that the wave height and stroke is repeatable to about
+/- five percent.

The water depth was 780 ft, full scale, for all tests.

29




30

4.0 TEST DESCRIPTION AND RESULTS

4.1 TEST DESCRIPTION

The tests listed in Section 1.0 are briefly described in this section. Each test (except the
static offset tests) was recorded on videotape and portions of selected tests were filmed with
a high speed color motion picture camera at a frame rate of 24 * (60 ** 0.5) = 186
frames/sec. Appendix A presents the video log.

4.1.1 STATIC OFFSET TESTS

Static offset tests of the moored vessels were performed to verify the tension-offset curves
for the mooring systems employed and to determine the as-tested mooring stiffnesses. A
horizontal line was tied to the corner of the ASOP hull at the bottom of the lower hull and
offset forces were applied by leading this line over pulleys and hanging incremental weights
on the line while recording the vessel motions and mooring line forces.

4.1.2. FREE DECAY TESTS

Free decay tests were performed to determine the natural periods of motion and linear
damping ratios by recording the motions after deflecting the model in the desired degree of
freedom, releasing the model, and allowing the motions to decay.

4.1.3. CURRENT FORCE TESTS

Current force tests were performed for the ASOP at its operational draft to determine the
current reactions in the mooring lines and to observe any vortex induced vibration.

4.1.4 DAMAGE STABILITY TEST

A damage stability test was performed by modeling the sudden removal of a single buoy.
This was accomplished by removing the buoy, supporting the ASOP at the operational draft
with a vertical line tied to the corner of the ASOP, and releasing this line while data was
being recorded of the undisturbed position and the ensuing motions until a new floating
position was reached.
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4.1.5_BUOY-ON-A-FIXED-BAR TESTS

The buoy-on-a-fixed-bar tests were performed to observe the motions of the buoys with
varying quantities of ballast water, to observe the shaped buoy motions and to observe the
motions of the buoy on the curved bar. In addition, vertical buoy support forces were
measured during the shaped buoy test configuration. The test configurations were as
follows:

Buoys with ballast water: See Figure 2.1-7.

Shaped buoys: See Figure 4.1.6.

Buoy on curved bar: Compared to 25% full water ballasted buoy

Because of data overranges caused by a fault in the data acquisition wiring, Test A531 and
A537 results should be ignored. These tests were re-run during the A541-A547 series.

4.1.6. MOTION TESTS IN WAVES

Motion tests in waves were performed in unidirectional waves at the operational draft to
measure hull motions, mooring forces, the vertical component of buoy connection forces,
and the buoy extensions for the spring-line buoy connection.

4.2 INSTRUMENTATION AND DATA ANALYSIS

Measurements made during the test program are summarized in Table 4.2. The mooring line
gage and buoy locations are indicated in Figure 2.1-4. The air gap was measured at the
forward edge of the ASOP deck, 30 feet, full scale, to starboard. The MST bottom universal
joint was fixed 10 feet, full scale, above the center of the deck. The MST is shown in Figure
4.2. The calibration records are presented in Appendix B.

The data was sampled at 9 Hertz, model scale (1.16 Hertz, full scale) for a usual duration in
irregular waves of 4096+ data points (7.6 minutes, model scale, or approximately 1 hour,
full scale).

For almost all tests, unfiltered analysis was performed on the entire data length, producing
" PRN" or "unfiltered statistics," which list for each data channel the MEAN, RMS, MAX
and MIN values (mean, maximum and minimum with respect to a reference signal level
recorded at the beginning of a test series when all instruments were vertical, horizontal, at
the calm water position, and unloaded). The "unfiltered statistics" also list a value "ZEROS"
which is the signal level recorded during a few seconds before the particular test was
started.




Also, "filtered statistics" (or ".CSV statistics") were produced, which analyze with an FFT
routine 2**n data points, where n = the largest integer permitted by the data sample,
producing statistics for high and low frequency components filtered at .03 Hertz, full scale.
These statistics list for selected data channels the mean values, RMS (standard deviation)
values, and maximum and minimum values for the low and the high frequency components,
as well as for the sum of the low and high frequency components.

4.3 TEST RESULTS

4.3.1 STATIC OFFSET TEST RESULTS

The time history plots of the static offset tests are presented in Figures 4.3.1-1 through
43 1-4 for the ASOP, Phase II (Test A558B). The static offset curve is presented in Figures
43.1.-5 and 4.3.1-6 for Tests 101 and A558B.

4.3.2 NATURAL PERIOD TEST RESULTS

Natural period test results are summarized in Table 4.3.2, which lists the natural periods and
selected linear damping ratios. All natural period test time history plots are contained in
Appendix D. The linear damping factor equals the logarithmic decrement divided by (two
times pi).

4.3.3 CURRENT FORCE TEST RESULTS

Current force test results are summarized in Table 4.3.3 which lists the average values of
surge and mooring line tension after the transient start up reactions have decayed. Appendix
J contains the towing test time history plots.

Vortex induced vibrations were negligible to not observable.

4.3.4 DAMAGE STABILITY TEST RESULTS

Damage stability test results for ASOP are presented in the time history plots of Test 330 in
Figure 4.3 .4.

4.3.5 BUOY-ON-A-FIXED-BAR TEST RESULTS

Time history plots of the vertical buoy reaction forces are presented in Appendix K. The
video tapes show the buoy motions.
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The water ballasted buoys showed frequency dependent responses which are summarized

below, with buoy #6 selected for further testing:

Test 521, 15 ft, 10 sec: #1 and #3 move least.

Test 522, 15 ft, 12 sec: #1, 3 and 6 move least; #2 has large transverse motions.

Test 523, 20 ft, 14 sec: #6 and #7 move least; the others have large transverse motions.

Test 524, 20 ft, 16 sec: #6 and #7 move least; #1, 2, 3 have large transverse motions; #4
and #5 have large motions.

Test 525, 20 ft, 18 sec: all have large motions.

Test 526, 20 ft, Jonswap: #7 moves least; #4 and #5 have very large motions; #1, 2 and 3
have large transverse motions.

Test 527, 39 ft, Jonswap: all have large motions; #2 and #3 have transverse motions.

The shaped buoy configuration also showed frequency dependent behavior, with the
hourglass shape selected for further testing.

The surge motions of the buoy on the curved bar were not notably different from its water-
ballasted reference buoy.

4.4 RESULTS OF SEAKEEPING TESTS
The unfiltered statistics of all seakeeping tests are contained in Appendix E.

The filtered statistics of selected data channels of all seakeeping tests are contained in
Appendix F.

The RAO and spectral density plots of selected data channels of the irregular wave
seakeeping tests are contained in Appendices G and H, respectively.

Appendix I contains the filtered time history plots of selected data channels of the
seakeeping tests.

Appendix L contains selected time history plots of the semisubmersible with hinged buoys
seakeeping tests.
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A summary of the most pertinent motion (heave, pitch, and surge) response amplitude
operators in regular and 39 ft irregular waves is presented in Figures 4.4-1 through 4.4-18.
The regular wave data points are represented by individual graph symbols while the irregular
wave data are plotted as solid or dashed lines. Each set of heave, pitch, and surge RAO
plots compares related structure configurations:

Figures 4.4-1 - 4.4-3: ASOP, 130" vs 145’ Draft (Phase I, 30' Dia Hinged Buoys)

Figures 4.4-4 - 4.4-6: ASOP, Hinged Buoys vs Fixed Columns, 30' Dia Buoys

Figures 4.4-7 - 4.4-9: ASOP, Hinged Buoys vs Fixed Columns, 52.5' Dia Buoys

Figures 4.4-10 - 4.4-12: ASOP, Hinged Buoys vs Fixed Columns, No Center Column/39 ft
Dia Buoys

Figures 4.4-13 - 4.4-15: ASOP, Various Hinged Buoys, Set 1 of 2: 30' Dia vs. 52.5' Dia vs.
No Center Column/39' Dia.

Figures 4.4-16 - 4.4-18: ASOP, Various Articulated Buoys, Set 2 of 2: 30' Dia vs 30'
Dia/Water Ballast vs Hour Glass vs Constant Tension (= Spring Line)

The graphs show lower motions at the deeper draft. The ASOP motion comparison show
that at some periods some motions are lower for the hinged buoy configuration than for the
fixed column arrangement while at other periods the reverse is seen.

The semi-submersible RAO plots for head seas also show period-dependent comparisons,
with not much difference in the overall RAO values. (The low transverse static stability was

due to the too narrow hull spacing compared with the longitudinal buoy spacing.)




TABLE 4.2 ASOP INSTRUMENTATION UNIT
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CHANNEL PARAMETER UNITS POSITIVE
NAME DESCRIPTION INSTRUMENT POLARITY
WAVE-2 Water Elevation, Reference Feet Capacitance Above MWL
WAVE-1 Water Elevation, Calibration Feet Wave Probe Above MWL
STROKE Wave Paddle Motion Feet Potentiometer Paddle Push
AIRGAP Airgap Reduction of ASOP Feet Cap. Wave Probe Above MWL
ML-1 Mooring Tension in Line 1 KIP  Tension Ring Gage Tension
ML-2 Mooring Tension in Line 2 KIP  Tension Ring Gage Tension
ML-3 Mooring Tension in Line 3 KIP  Tension Ring Gage Tension
ML-4 Mooring Tension in Line 4 KIP  Tension Ring Gage Tension
ML-5 Mooring Tension in Line 5, ASOP KIP  Tension Ring Gage Tension
ML-6 Mooring Tension in Line 6, ASOP KIP  Tension Ring Gage Tension
BT-1 Buoy Tension, Vertical, #1, ASOP KIP  I-Beam Force Gage Up
BT-2 Buoy Tension, Vertical, #2, ASOP KIP  I-Beam Force Gage Up
BEX-1 Buoy Extension, #1, Spring

Line, Phase | Feet Potentiometer Up
BEX-2 Buoy Extension, #2, Spring

Line, Phase 1 Feet Potentiometer Up
BT-3 Buoy Tension, Vertical,

#3, Buoy-on-Bar KIP I-Beam Force Gage Up
BT-4 Buoy Tension, Vertical

#4, Buoy-on-Bar KIP I-Beam Force Gage Up
BT-5 Buoy Tension, Vertical

#5, Buoy-on-Bar KIP 1-Beam Force Gage Up
BT-6 Buoy Tension, Vertical

#6, Buoy-on-Bar KIP  I-Beam Force Gage Up
Uncoupled MST Motions:
MST Surge  Surge of MST Bottom, U-Joint Feet MST Forward
MST Sway  Sway of MST Bottom, U-Joint Feet MST To Port
MST Heave Heave of MST Bottom, U-Joint Feet MST Up
Roll Roll Deg MST Stbd Down
Pitch Pitch Deg MST Bow Down
Yaw Yaw Deg MST Bow to Port
Pt Surge Surge of CG Feet MST Forward
Pt Sway Sway of CG Feet MST To Port
Pt Heave Heave of CG Feet MST Up




Sway Potentiometer
Yaw Potentiometer

Heave

A

‘ Sway
Roll

Pitch

Yaw

Motions Positive Polarities

Bottom Plate —————

(:\;j:) Surge

FIGURE 4.2
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TABLE 4.3.2 DECAY TEST RESULTS

NATURAL

TEST MODEL PERIOD CRITICAL
NR. CONFIGURATION MOTION (SEC) DAMPING
102  ASOP, Phase I, Surge 188 -
103  Hinged Buoys, 130' Draft ~ Sway 195 -
104 Heave 81 -
105 Roll 62.4 -
106 Pitch 61 -
107 Yaw 170 -
202  ASOP, Phase I, Constant Surge 188 -
203  Tension Buoys, 130' Draft ~ Sway 193 -
204 Heave 929 -
205 Roll 91 -
206 Pitch 83 -
207 Yaw 167 -
A510 Water Filled #1 Pitch 312 -
A510 Water Filled #2 Pitch 22.5

A510 Water Filled #3 Pitch 278

A510 Water Filled #4 Pitch 194

A510 Water Filled #5 Pitch 18.5

A510 Water Filled #6 Pitch 22.1

A510 Water Filled #7 Pitch 22.4

A530 Buoy, Water Ballast Pitch 212 -
A530 Buoy, Dry, on Bar Pitch 14.0 -
A530 Buoy, Inverted Cone, on Bar Pitch 20.3 -
A530 Buoy, Hourglass, on Bar Pitch 13.8 -
A530 Buoy, Segmented, on Bar Pitch 12.8 -
A530 Buoy, Const. Tension, on BarPitch 15.7 -
A530 Buoy, Link, on Bar Pitch 15.2 -
A559B ASOP, Phase 11, Hinged Pitch 70 033
A560 Buoys, 145' Draft Roll 69 034
A561 Heave 81 027
A562 Surge 212 042
AS563 Sway 212 .026

A564 Yaw 350 055




TABLE 4.3.2 CONTINUED

NATURAL
TEST MODEL PERIOD CRITICAL
NR. CONFIGURATION MOTION (SEC) DAMPING
A580 ASOP, Fixed Buoys, Pitch 67 034
145' Draft

A590 ASOP, Water Damped, Pitch 66.4 -
A591 145'Draft Heave 81 -
A592 Surge 212 -
A600 ASOP, Hourglass, Pitch 108 -
A601 145' Draft Heave 93 -
A602 Surge 217 -
A700 ASOP, Hinged, 52.5' DIA  Pitch 38 -
A701 Buoy, 145' Draft Heave 54 -
A702 Surge 228

A800 ASOP, Fixed 52.5' DIA Pitch 37 -
A801 DIA Buoy, 145' Draft Heave 53.9 -
A802 Surge 228 -
A900 ASOP, Spring Line Pitch 116 -
A901 (Const. Tension) Buoys, Heave 96 -
A902 145' Draft Surge 215 -
A1000 ASOP, No Ctr Col, Pitch 48.5 -
A1001 39' DIA Buoys, Hinged, Heave 80.8 -
A1002 145' Draft Surge 217 -
A1100 ASOP, No Ctr Col, Pitch 46.5 -
A1101 39' DIA Buoys, Heave 81 -
A1102 Fixed, 145' Draft Surge 216 -




TABLE 4.3.3 PHASE I

TEST #130

CHANNEL VALUE UNITS
PT SURGE -6. FEET
ML-1 100 KIPS
ML-2 205 KIPS
ML-3 215 KIPS
ML-4 184 KIPS
ML-5 195 KIPS
ML-6 236 KIPS
TEST #132

CHANNEL VALUE UNITS
PT SURGE -56 FEET
ML-1 360 KIPS
ML-2 334 KIPS
ML-3 147 KIPS
ML-4 34 KIPS
ML-5 196 KIPS
ML-6 413 KIPS

TOWING TEST AVERAGE VALUES

TEST #131

CHANNEL VALUE UNITS
PT SURGE -21. FEET
ML-1 182 KIPS
ML-2 252 KIPS
ML-3 185 KIPS
ML-4 103 KIPS
ML-5 246 KIPS
ML-6 307 KIPS
#133

CHANNEL VALUE UNITS
PT SURGE -79 FEET
ML-1 896 KIPS
ML-2 431 KIPS
ML-3 145 KIPS
ML-4 23 KIPS
ML-5 181 KIPS
ML-6 512 KIPS
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TABLE 4.3.3 PHASE 11

TOWING TEST AVERAGE VALUES

TEST #A568 TEST #A569

CHANNEL VALUE UNITS CHANNEL VALUE UNITS
PT SURGE -21 FEET PT SURGE 55 FEET
ML-1 440 KIPS ML-1 80 KIPS
ML-2 373 KIPS ML-2 191 KIPS
ML-3 250 KIPS ML-3 441 KIPS
ML-4 167 KIPS ML-4 724 KIPS
ML-5 230 KIPS ML-5 418 KIPS
ML-6 342 KIPS ML-6 178 KIPS
TEST #A570 TEST #A571

CHANNEL VALUE UNITS CHANNEL VALUE UNITS
PT SURGE -67 FEET PT SURGE 107 FEET
ML-1 1333 KIPS ML-1 97 KIPS
ML-2 658 KIPS ML-2 183 KIPS
ML-3 192 KIPS ML-3 830 KIPS
ML-4 34 KIPS ML-4 1970 KIPS
ML-5 169 KIPS ML-5 761 KIPS
ML-6 524 KIPS ML-6 184 KIPS




Figure 4.3.4 ~ DAMAGE STABILITY TEST
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FIGURE 4.4-10 HEAVE RAD FOR ASOP, NO CENTER COLUMN, 33 BUOYS
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APPENDIX A
VIDEO LOG

VIDEO TEST VIDEO VIDEO TEST VIDEO VIDEO TEST VIDEO
TAPE NR. TIME TAPE NR. TIME TAPE NR. TIME

NR. NR. NR.

I-1 111 00 421  0:12:57 A564 1:48:44
112 0:00:19 422 0:20:49 AS551 1:52:20
113 0:00:53 423  0:28:46 A552 1:54:27
211 0:01:00 423A 0:32:14 A553 1:56:44
212 0:01:57 521 0:05:07 AS554 1:59:10
213 0:02:16 522 0:06:43 A555 2:01:42
221 0:04:14 523 0:09:11 I1-2 A556B00
222 0:11:56 524  0:10:51 AS557 0:8:36
223 0:19:36 525  0:12:34 A568 0:17:.01
111 0:32:52 526  0:14:30 A569 0:23:30
112 0:34:06 527  0:22:02 A570 0:27:03
113 0:35:30 530 A571 0:30:17
121 0:37:25 531 A580 0:32:17
122 0:45:45 532 AS581 0:34:22
123 0:54:31 533 A582 0:36:52
130 1:02:23 534 0:39:13 A583 0:39:13
131 1:06:41 535  0:40:53 A584 0:41:26
132 1:11:59 536  0:43:00 A585 0:43:42
133 1:14:35 537 0:47:45 AS586 0:45:57
311 1:16:56 538  0:52:40 A587 0:54:30
312 1:17:40 539  0:54:33 A590 1:01:48
313 1:19:04 540  0:59:17 A591 1:03:55
321 1:20:19 541 1:03:20 A592 1:07:51
322 1:29:55 542  1:05:44 A593 1:11:26
323 1:38:08 543  1:08:57 A594 1:13:43
330 1:46:25 544  1:11:14 A595 1:16:03
351 1:48:17 545  1:13:28 AS96 1:18:26
352 1:49:10 546  1:14:50 A597 1:20:43
353 1:50:04 547  1:20:30 AS598 1:23:04
361 1:50:53 A556 1:24:56 A599 1:31:42
362 1:58:42 A559 1:33:19 A600 1:40:21

I-2 363 0:09:04 A560 1:34:46 A601 1:42:26
411 0:09:06 A561 1:37:00 A602 1:44:21
412 0:09:51 A562 1:39:20 A603 1:46:27

413 0:11:03 A563 1:42:56 A604 1:48:49




VIDEO TEST

TAPE NR.

NR.

I1-2 A605
A606
A607
A608

II-3 A609
A708
A709
AT00
A701
A702
A703
A704
A705
A706
A707
A800
A801
A802
A803
A804
A805
A806
A807
A808
A809
A900
A901
A902
A903
A904
A905
A906
A907
A908
A909
A1000
A1001
A1002

II-4 A1003
A1004

VIDEO
TIME

1:51:04
1:53:14
1:55:34
1:57:53
00

0:09:03
0:17:35
0:29:13
0:34:25
0:38:35
0:40:56
0:43:20
0:45:37
0:47:48
0:50:08

0:56:58
0:59:14
1:01:39
1:03:52
1:06:02
1.08:25
1:16:47
1:25:11

1:25:11
1:27:43
1:30:09
1:32:31
1:34:55
1:37:47
1:46:21
1:55:51
1:58:17
2:00:11
00

0:01:40

VIDEO TEST VIDEO

TAPE NR. TIME

NR.

A1005 0:04:05
A1006 0:06:36
A1007 0:08:27
A1008 0:10:38
A1009 0:19:24
A1100 0:28:50
Al1101

A1102 0:6:54
A1103 0:13:24
A1104 0:16:09
A1105 0:18:42
A1106 0:21:24
A1107 0:24:30
A1108 0:26:53
A1109 0:35:29
A1203 0:43:56
A1204 0:45:10
A1205 0:46:30
A1206 0:47:44
A1207 0:49:00
A1208 0:51:00
A1209 0:54:56
A1300 1:00:01
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APPENDIX B

INSTRUMENTATION
CALIBRATION PLOTS
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APPENDIX C

WAVE CALIBRATION DATA



02-13-1996 14:35:03.38

Project: 95214 * * RANDOM WAVE * * Test Date: 02-13-1996
Page 1 of 1 * % % STATISTICS * * * Test Time: 14:29:59
TEST: 8

Wave Height (sig): 2.74 Start Time: .00 sec.
Heading: .0 deg. Test Duration: 1626.65 sec.
Model Scale: 60.000 Total Duration: 1626.65 sec.
Max. Sample Rate: 20 hz. Max. Samples / Chan: 4199.
VARI 5.1 X 4.0 x
ABLE UNITS MAX MIN AVE STDV STDV STDV
WAVSIG VOLTS .713 -.669 -.006 .183 .931 .730
WAVE-1 FEET 20.893 -15.249 .603 5.024 25.621 20.095

WAVE-2 FEET 26.118 -16.372 .165 5.592 28.518 22.367
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02-13-1996 15:14:23.86
Project: 95214 * * RANDOM WAVE * * Test Date: 02-13-1996
Page 1 of 1 * *x *x STATISTICS * * * Test Time: 15:09:31
TEST: 11
Wave Height (sig): 39.00 Start Time: .00 sec.
Heading: .0 deg. Test Duration: 1626.65 sec.
Model Scale: 60.000 Total Duration: 1626.65 sec.
Max. Sample Rate: 20 hz. Max. Samples / Chan: 4199.
VARI 5.1 x 4.0 x
ABLE UNITS MAX MIN AVE STDV STDV STDV
WAVSIG VOLTS 1.245 -1.309 -.014 .429 2.186 1.714
WAVE-1 FEET 42.134 -24.013 .539 9.948 50.732 39.790
WAVE-2 FEET 39.753 -28.199 .125 11.439 58.341 45.758
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